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Solar 
fuel

 at a glance

1 The Sun

Humans have long recognised the Sun’s importance. For example, the 
German Nebra sky disk, dating from about 1600 bc, has gold symbols 
representing the Sun, Moon and stars. But the Sun’s energy supply 
was explained only a century ago.

4 Meteors

In the 1850s and 1860s William Thompson (later Lord Kelvin) thought 
that energy might be delivered to the Sun by meteors. He modified 
his ideas when no meteors were observed close to the Sun. 

6 Nuclear reactions

In 1920, Arthur Eddington suggested that the Sun could shine by 
converting hydrogen into helium. He drew on several previous 
developments:

1896  Henri Becquerel discovered radioactivity.

1905  Einstein showed the equivalence between mass, m, and energy, E:

E = mc2

where c is the speed of light in a vacuum. 

1919–20  Francis Aston invented the mass spectrometer and used it to 
measure nuclear masses. He found a mass difference Δm between the 
masses of nuclei and their individual nucleons. 

8 Particles in the pp chain

Particle Mass/10−27 kg
4
2He 6.645
1
1H 1.673

e+ 9.110 × 10−4

ν 0.000

7 Hydrogen fusion 
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In 1938 Hans Bethe worked out the proton–proton (pp) chain of 
fusion reactions that produce helium from hydrogen in the Sun:

41
1H → 4

2He + 2e+ + 2νe

There is a mass difference Δm between reactants and products, and 
energy ΔE is released. For each He nucleus:

Δm = 4.90 × 10−29 kg 
ΔE = c2Δm = 4.41 × 10−12 J

Observations and modelling indicate that about 75% of the Sun’s 
original mass was hydrogen, and that during its lifetime it will 
convert about 15% of that hydrogen into helium. Its calculated 
lifetime is about 1010 years, which is consistent with Earth’s age of 
about 4.6 × 109 years, deduced from radioactive dating. 

5 Gravitational collapse

shrinking 
sphere of gas

When a uniform sphere of mass M shrinks from radius R0 to R, and  
R << R0, the decrease in its gravitational potential energy, ΔEg, is:

ΔEg = 
3GM
5R

where G is the universal gravitational constant. 
Helmholtz and Kelvin proposed that the Sun was powered by 

gravitational collapse. They argued that a collapsing cloud gets 
hotter and, by relating ΔEg to the temperature rise, calculated that 
the Sun had taken about 20 million years since its formation to 
reach its present size, temperature and luminosity. This was less 
than one-tenth of the time needed for the geological and biological 
changes on Earth studied by Charles Darwin and others. 

3 Burning fuel

In the 1850s Hermann von Helmholtz calculated that if the Sun was powered by burning a fuel such 
as coal, its lifetime was only a few thousand years:

Burning 1 kg of coal releases about 3 × 107 J of energy.

Sun’s lifetime ≈  
MSun × 3 × 107 J kg−1

LSun

= 1.6 × 1011 s ≈ 5 × 103 years

2 Sun data

Distance from 
Earth, dSun

1.496 × 1011 m

Mass, MSun 1.989 × 1030 kg

Radius, rSun 6.955 × 108 m

Luminosity, LSun 3.827 × 1026 W

Surface 
temperature, TSun

5778 K
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